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1. Introduction 
Vegetation layer is the most important factor influencing the green roof performance [1]-[3]. The selection of 
green roof plants is essential for increase lifetime in urban areas and green roof performance [4]. Recently, some 
studies have investigated the effects of green roof plant species on carbon sequestration. Truly in absorbing, reflecting 
and emitting heat, vegetation plays an important role, Agra et al. [5], Charoenkit et al. [6] and Kuronuma et al. [7] 
capturing the atmospheric carbon by green roof vegetation has been proved. Besides, Agra et al. [5] evaluate the carbon 
sequestration on green roof vegetation layer. The authors compared each roof to a control roof. They found that carbon 
dioxide (CO2) concentrations were reduced and capturing higher carbon content in a green roof. In several vegetation 
and substrate for long term storage and capture of atmospheric carbon can be shown as carbon sequestration [8]. The 
layers of vegetation and substrate for green roof are the important layers for capture and store atmospheric carbon [9]. 
Direct system and mechanism of carbon storage in green roof shows in Fig. 1 along with carbon storage for green roof 
substrate and carbon capture through photosynthesis process by green roof vegetation. Green roof can be applied as a 
sustainable practice to reduce carbon emission in urban areas [9]-[11] also found that the sedum species was not 
effective at reducing CO2 emission at Haifa University, Israel [12]. 
Abstract: A green roofs is one of the recommended methods of practice in improving the sustainability of urban 
areas. Green roofs can be used as a passive technique to reduce carbon dioxide (CO2) emissions from the 
atmosphere. This is due to the role of green roof layers which are vegetation and soil to process the photosynthesis 
activities and to capture CO2 from the atmosphere. The objective of this paper is to quantify and to compare the 
amount of CO2 sequestration by ten potential green roof plants, in order to estimate the CO2 reduction within the 
surrounding atmosphere. It is found that, by planting the Alternanthera Paronychioides (Alternanthera P.) on the 
roof surface could reduce the indoor air temperature as well as the CO2, thus enhance the quality of air. This study 
also revealed that the Alternanthera P. generates the highest photosynthesis rate or CO2 uptake compared to the 
other nine plants, as high as 23.59 μmol CO2 m-2s-1. It is predicted that if the Alternanthera P. is to be installed on a 
0.64 m2 test bed roof, the CO2 could be reduced almost 0.010 tonnes, annually. This suggested that by planting 
Alternanthera P. on the roof surfaces may potentially give advantages on mitigating the greenhouse gas emission, 
particularly CO2, and reducing the impact of global warming.  
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Fig. 1 - Representation of green roofs direct mechanism for CO2 sequestration [10] 
 
Greenhouse gas (GHG) which is the main gas is CO2 contributed to 80% of global warming [13]. CO2 also has 
increased faster each year. One of the major contributors in releasing carbon dioxide into atmosphere is from a building 
[14]-[15]. Planting green roof with incorporating sustainable landscape design is one of promising ways to mitigating 
GHG [16-17]. 
 Based on the literature studies, green roofs are said to be a useful technique to reduce the CO2 concentration in the 
atmosphere [18]-[20]. However, studies on evaluating the cooling capacity of green roofs and their contribution in 
respect of reducing the atmospheric carbon dioxide, especially in the Malaysian climate, are scanty. Therefore, a data 
collection on CO2 uptake is essential in this study to determine the amount of CO2 that can be taken up by the selected 
green roof plants in order to minimize the increase in atmospheric CO2. Therefore, this paper will generate information 
on carbon sequestration data for few selected of local plants suitable for green roof and those with higher CO2 uptakes 
will be the advantages information for this study. 
 
2.  Material and Method 
2.1 Experimental Setup and Instruments  
The selection of suitable local plants for the green roof was done at Universiti Tun Hussein Onn Malaysia 
(UTHM), Batu Pahat, Johor on April 2018. The measurement of CO2 uptake was conducted at Kolej Kemahiran Tinggi 
Mara Sri Gading (KKTMSG) nearby UTHM because the accessibility of portable photosynthesis machine for 24-hour 
photosynthesis profile data. The carbon uptakes of ten (10) different types of selected plant were measured using a 
portable photosynthesis machine, LI-COR 6400. The LI-6400 Portable Photosynthesis System is the instrument used to 
measure the carbon uptake or net photosynthesis of the plant samples. It is an open gas exchange system, which has a 
net flow of air through the system.  
Three healthy leaves were selected for each plant to measure its photosynthesis rate. Two observations were made 
for each leaf to monitor its photosynthesis performance. The first observations were made on the upper layer leaves for 
all plant samples. The second observations were made on the lower layer leaves for all samples to observe their effect 








Fig. 2 - The measurement of CO2 uptakes of plant samples using LI-COR 6400 
2.1 Plants Selection  
Ten types of tropical plant were identified as the suitable plants for the green roof experimental, as listed in Table 
1. Those plants were selected based on criteria’s such as follows; drought tolerant plant which can withstand the 
extreme weather condition to be located on top of the roofs without fully attention for watering, bushy or leafy type of 
plants to ensure that the test roof surface can be fully covered. Suitable leaf sizes also needed therefore it can 
accommodate the leaf clamp of the photosynthesis machine LICOR LI-6400 Portable Photosynthesis. The plant is 
based on tropical schrub plant with drought tolerant. 
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2.2 The Photosynthesis Rate Measurement of Green Roof Plants 
 The measurement of the daily and annual CO2 uptake by the selected plants was conducted to predict their ability 
to reduce the concentration of atmospheric CO2. By using the portable photosynthesis system, LI-6400, the 
measurement of photosynthesis rate of selected plants was conducted continuously for 48 hours in April 2018, between 
8.00 a.m (23 April 2018) and 8 a.m (25 April 2018). In order to calculate the annual net photosynthesis rate, the 
average value of April was calculated. To evaluate and calculate the CO2 uptake or net photosynthesis rate in plants, 
several variables were measured using this system. The measured variables are as follows: 
 Photo - Photosynthesis rate, in mol CO2 m-2s-1   
 Cond - Stomatal Conductance, in mol m-2s-1  
 TLeaf oC -Leaf temperature, in oC 
 ParIn_ m - Photosynthetically Active Radiation (PAR), input, measured by GaAsP sensor, or by silicon photodiode 
in the artificial light source, in mols m-2s-1 
 CO2R_ ml - CO2 Concentration in the reference analyser, in mols mol-1 
2.3 The Estimation of CO2 Uptake Amount by Green Roof Plant  
In order to estimate the CO2 uptake by plants, calculation of leaf area of plant samples was done to estimate the 
net photosynthesis rate performed by the plants. The net photosynthesis rate can be calculated by using Eq. (1), adopted 
from [21]. 
 
                                                                      A = Pn – R                                                                    (1) 
 
where, A is net photosynthesis rate, Pn is daytime photosynthesis rate, and R is dark respiration rate. 
Following Eq. (1), daytime photosynthesis rate, and dark respiration rate is measured in order to calculate the daily 
carbon uptake. To calculate the dark respiration rate, the data is obtained in the early morning and late afternoon, in 
which the photosynthesis was in negative (–ve) values and the PAR value was at 0 mols m-2s-1, were used for the 
calculation. 
After the carbon uptake or photosynthesis rate’s measurement for selected leaves were completed, the total leaf 
area must be measured to calculate the average amount of carbon dioxide that can be uptakes by green plant installed 
on the small-scale roof. This value was used in the calculation of net photosynthesis rate of green roof plants installed 
on the small-scale roof. The net photosynthesis rate obtained from the calculation demonstrated the amount of carbon 
dioxide, which can be up taken by the selected green roof plant. Finally, the prediction of annual CO2 uptake was 
estimated in order to evaluate the CO2 reduction in the atmosphere. Relationship between variables was also observed 
using correlation studies. 
 
3. Results and Discussion 
3.1 Result of Photosynthesis Rate or CO2 Uptake 
On the first phase, all ten types of local green plants, namely, Portulaca G., Alternanthera P., Sanseviera T., 
Tradescantia S., Chrysothemis P., Sansevieria TvL., Plectranthus B., Episcia C., Sphagneticola T., and Mentha S. data 
on photosynthesis rate were estimated between 23 and 25 April 2018. The Alternanthera P. showed the highest 
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heat resistant of the green plants have the ability to absorb more CO2 by the process of photosynthesis and that 
Alternanthera P. has a greater ability than others in this experiment. 
Table 2 - Summary of photosynthesis rate data for the ten plant samples 
3.2 Monitoring Results of the Highest CO2 Uptake by the Green Roof Plants 
The second phase of the experiment was to predict the annual CO2 uptake by the Alternanthera P. that shows the 
greater ability than the other plants. 
3.2.1 Calculation of Leaf Area for Leaf Samples 
The total area of leaf depends on the type of plants, the ability of plant to grow well and the size of the roof area, 
to calculate its net photosynthesis rate. Initially, 5 pots of Alternanthera P. were used to estimate the photosynthesis 
rate. The total leaf area for each pot was measured where the total leaf area for 5 pots was 5732.67 cm2 (Table 3). 
Therefore, the average value of Alternanthera P. in 1 pot was equal to 1,146.53 cm2.  
Table 3 -Total leaf area measured in each pot and average leaf area of Alternanthera P. in 1 pot 






Average leaf area 1146.534 
3.2.2 Average Photosynthesis and Dark Respiration Rate for April 2018 
 Fig. 3 shows the photosynthesis rate for Alternanthera P. monitored between 23 and 25 April 2018, from 8.00 
a.m. until 6.00 p.m. ranges from 1.20 µmol CO2 m-2s-1 to 23.59 µmol CO2 m-2 s-1, while on 24 April 2018, the 
photosynthesis rate ranges from 1.36 µmol CO2 m-2s-1 to 18.30 µmol CO2 m-2s-1. The rate of photosynthesis value for 
25 April 2018 is 1.21 µmol CO2 m-2 s-1 because of the complete 24-hour cycle is at 8.00 a.m.  The negative (-ve) value 
in the graph represents the dark respiration rate performed by the leaves. On 23 April 2018, the dark respiration range 
rate of -0.78 µmol CO2 m-2s-1 until -2.01 µmol CO2 m-2s-1 was observed between 8.00 p.m and 12.00 a.m., whereas, on 
24 April 2018, the dark respiration rate was observed from 12.00 a.m. until 6.00 a.m, and 8.00 p.m until 12.00 a.m, at a 
value of -0.20 µmol CO2 m-2s-1 until -1.45 µmol CO2 m-2s-1. It also shows that photosynthesis rate was at the higher 
values during the daytime hours between 10.00 a.m. and 4.00 p.m. After that, it gradually decreased as soon as the solar 
radiation declined.  
3.2.3 Calculation of Net Photosynthesis Rate (CO2 Uptake) 
The net photosynthesis rate is calculated following equation (1), where the daytime photosynthesis rate, and dark 
respiration rate are needed to measure the net photosynthesis rate, or net carbon dioxide uptake. The daytime 
photosynthesis rate was obtained from the photosynthesis measurement during daytime hours, whereas, the dark 
respiration rate was obtained from the early morning and late evening, when the solar radiation is absent, or when the 
PAR value was at 0.00 μmols m-2s-1. 
 
No. Types of plants Mean 
Photosynthesis 
(μmol CO2 m-2s-1) 
Photosynthesis 
rate ranking 
1. Portulaca Grandiflora 20.22 2 
2. Alternanthera Paronychioides 23.59 1 
3. Sansevieria Trifasciata 8.77 7 
4. Tradescantia spathacea 7.65 9 
5. Chrysothemis Pulchella 10.72 6 
6. Sansevieria trifasciata var. laurentii 12.43 5 
7. Plectranthus Barbatus 8.21 8 
8. Episcia Cupreata 14.32 4 
9. Sphagneticola Trilobata 6.58 10 
10.  Mentha Spicata 19.85 3 






Fig. 3 - Photosynthesis and dark respiration rates for Alternanthera P. between 23 and 25 April 2018 
 
Net Photosynthesis Rate for April 2108  
Average 1-day daytime photosynthesis rate for April 2018 (Pn1): 
Pn1   =  (10.77 µmolCO2m-2s-1 + 5.32 µmolCO2m-2s-1) / 2 
         =  8.05 mol CO2 m-2 s-1 
 
Average 1-day dark respiration rate for April 2018 (R1): 
R1    = (-1.39 µmol CO2 m-2s-1) + (-0.84 µmol CO2 m-2s-1) / 2 
        = -1.12 mol CO2 m-2 s-1 
 
Net photosynthesis rate for April 2018 (A1): 
A1    = Pn1 – R1 
= 8.05 mol CO2 m-2 s-1 - 1.12 mol CO2 m-2 s-1 
= 6.93 molCO2m-2s-1 
 
Average Annual Net Photosynthesis Rate 
In order to calculate the average annual net photosynthesis rate, the average net photosynthesis rate for one pot of 
Alternanthera Paronychioides for a month was calculated as follows: 
 
Average annual net photosynthesis rate (A): 
 
A = A1 = 8.05 mol CO2 m-2 s-1 
 
Assuming that 12 hours daylight is received in 1 day = 12 h × 60 m × 60 s = 43,200 s. Therefore, in one day, one pot of 
Alternanthera Paronychioides is estimated to uptake: 
 
8.05 ol CO2 m-2 s-1 × 0.114653 m2 × 43,200 s = 39,871.73 molCO2 = 39.87 mmolCO2 
 
In this study, 16 pots of Alternanthera P. are needed to be filled on the test bed roof. Therefore, total CO2 uptake = 
39.87 mmolCO2 × 16 pots = 637.92 mmolCO2 = 0.64 mol CO2. 
 
1 mol CO2 consists of 44.01 g CO2. Therefore, 0.64 mol CO2 consists of 44.01 × 0.64 = 28.17 g CO2. For 6400 cm2 or 
0.64 m2 test bed roof could approximately trap almost 28.17g CO2 in 1 day. 
 
The annual carbon uptake for 16 pot of Alternanthera P. located on test bed roof = 28.17 g × 365 days = 10282.05 g 
CO2 per year = 10.28 kg CO2/year = 0.010 tonnes CO2/year. 
 
Therefore, 16 pots of Alternanthera P.hioides which installed on 0.64 m2 test bed roof could uptake 0.010 tonnes of 
CO2 annually. This result can be used to predict the annual amount of CO2 uptake for every single area of roof by using 
23 April 2018 24 April 2018 25 April 2018 
 
Time (h) 
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the same plants. This situation is really meaningful in fulfilling the Malaysian Government commitment to reduce its 
carbon emissions up to 40% by the year 2020. 
 
4. Conclusion 
It can be concluded that Alternanthera P. could be potentially used as a green roof plant better than the other nine 
plants since it could sequester more CO2. The annual amount of CO2 uptake from Alternanthera P. is predicted to be 
0.010 tonnes CO2/year, could contribute on lessening the CO2 concentration in the atmosphere, thus could serve the 
Malaysian Government target to reduce its carbon emission up to 40% by the year 2020. factors: air temperature, leaf 
temperature, solar radiation available for photosynthesis This study also revealed that the photosynthesis rate or CO2 
uptake of Alternanthera P. governed by several stomatal conductance are the important variables that influence the 
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